O ut of the approximately seven billion people in the world, only about 11% of individuals are left-handed (Adusumilli, Kell, Chang, Tuorto, & Leitman, 2004) . Because of their infrequent presence in the general population, left-handed people are often at a disadvantage when it comes to using everyday objects such as scissors, desks, and notebooks, which have been made for the convenience of right-handed people. However, recent psychological research has shown that those who are left-handed may in fact have an advantage over those who are right handed at one feat: their memory. The purpose of the present study was to compare declarative memory performance on tests of both episodic and semantic memory between consistently and inconsistently handed individuals as well as left-versus right-handed individuals.
Foundations of Handedness and Memory Research
The dominant direction of a person's handedness has been used to predict the outcome of declarative memory performance for the past several decades. Two types of declarative memory exist: episodic memory, which is the recall of specific experiences that occur at a certain time or place, and semantic memory, defined as a person's general knowledge of the world. Although episodic and semantic memory are both considered long-term declarative memory, they activate different regions of the brain. To encode and retrieve episodic memories, the left and right prefrontal cortices are required to work in conjunction. However, recall of semantic memories involves only the left prefrontal cortex (Tulving, Kapur, Craik, Moscovitch, & Houle, 1994) . Greater activation of the right hemisphere, which houses the right prefrontal cortex, coordinates with tendencies toward left-handedness. This is an effect of cerebral lateralization, the idea that one hemisphere of the brain controls the contralateral side of the body (Rugg, 1985) . Interestingly, participants reporting inconsistent right-hand dominance, implying a level of left-handed tendencies, have
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Although previous research has demonstrated that significant episodic memory differences exist between left-and right-handed individuals as well as consistently and inconsistently handed individuals, these differences have been contradictory from study to study (Lyle, Hanaver-Torrez, Hackländer, & Edlin, 2012) . Furthermore, little inquiry has been conducted regarding semantic memory ability among people who are left handed in comparison to their right-handed counterparts. To examine potential long-term memory performance differences between left-and right-handed people, as well as consistently and inconsistently handed people, 106 college students completed a handedness inventory and episodic and semantic memory tasks. The results indicated that left-handed individuals had significantly better semantic memory recall than right-handed individuals, t(101) = 2.26, p = .026, d = 0.54, a new finding which suggested that cerebral lateralization of memory performance and of handedness direction may be independent of one another.
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performed higher than their consistently righthanded counterparts on tests of episodic memory and more poorly on tests of semantic memory (Christman & Propper, 2001 ).
Supporting Theories
Several theories in contemporary psychology relate directly to the relationship between handedness and declarative memory performance. The interhemispheric interaction theory posits that there is an association between the advantage of inconsistently handed individuals on episodic memory tasks and functional laterality, defined as the strength of functional movements, like handedness, on a certain side of the body based on an individual's dominant hemisphere (Reio, Czarnolewski, & Eliot, 2004) . Developed from a growing knowledge base surrounding cerebral lateralization, or the idea that each hemisphere is specialized to perform different tasks for the body (Reio et al., 2004) , the interhemispheric interaction theory is based upon two primary assumptions: first, that handedness can be used as a behavioral marker of functional laterality to assess the degree of hemispheric interaction, and second, that this degree of interaction can have important practical consequences with regard to memory performance (Lyle, McCabe, & Roediger, 2008) . Episodic memory processing requires both the left and right hemispheres of the brain, and a person who has inconsistently handed tendencies often evokes handedness movements using both sides of the brain. It is important to note here that inconsistent handedness is not synonymous with ambidexterity; being ambidextrous implies the ability to use both hands equally well, whereas inconsistent handedness merely implies that one hand is not used for all functional tasks. Thus, the interhemispheric interaction theory posits that individuals who are inconsistently handed are more prone to activate the two hemispheres together, and thus have a greater capacity for episodic memory encoding and recall.
An additional theory that complements the suppositions made by the hemispheric interaction theory is the hemispheric encoding/retrieval asymmetry model (HERA), which proposes that, when processing long-term memories, left-handed individuals employ both sides of their prefrontal cortex, and right-handed individuals only use the left prefrontal cortex (Tulving et al., 1994) . HERA supports the claims of the interhemispheric interaction theory, arguing that this increased level of interhemispheric communication results in greater episodic memory functioning for individuals with left-handed tendencies (Chu, Abeare, & Bondy, 2012) .
Recent fMRI data has also shed light on the relationship between handedness and memory. For example, Cuzzocreo et al. (2009) found that both right-and left-handed participants activate the left medial temporal lobe (MTL, which consists of structures vital for declarative, long-term memory such as the hippocampus) to some degree in memory encoding and retrieval. However, left-handed people recruit greater numbers of neurons within the left MTL, and these neurons interact more frequently with the right MTL. These findings reinforced the idea that abundant interhemispheric interactions help episodic memory processing. Additionally, the coding and retrieval of semantic memories recruit fewer neurons from the left MTL and is confined to intrahemispheric interactions only within the left hemisphere as evidenced in the HERA model (Cuzzocreo et al., 2009 ). Right-handed people often fall into this latter classification because they rely more predominantly on the left hemisphere alone for memory. However, results contradictory to these have been documented as well, specifically that the relationship between handedness and prefrontal cortex activity consistent with the HERA model is nonsignificant (Bartha et al., 2003) . Additionally, past research has attempted to demonstrate that participants' brains with greater hemispheric interaction have a larger corpus callosum, physically allowing a greater nerve volume to pass between the two hemispheres, but these findings regarding corpus callosum morphology have been few and contradictory in their outcomes (Lyle et al., 2008) .
Advances in Handedness Sampling
Until recently, research regarding relationships between handedness and memory has only employed right-handed participants because of a lack of a sizeable sample of left-handed individuals. Due to the low prevalence of being left-handed, familial left-handedness, or the presence of a lefthanded member within a right-handed subject's immediate family, has served as the independent variable in several past research accounts (Byrne & Sinclair, 1979; Christman & Propper, 2001; Rugg, 1985) . However, although research has demonstrated that familial handedness can serve as an indicator of the hemispheric encoding/retrieval asymmetry (Christman & Propper, 2001) , true lefthanded people are a more appropriate sample for evaluating the HERA model because of the direct effect of handedness on participants' memory scores. Little exploration has been conducted on this unique population of left-handed individuals, and a gap remains in the literature as to how they would perform on memory tasks.
In addition to assessing familial left-handedness, some researchers have also made use of an intermediate category of handedness that falls in between right-and left-handedness, on the basis of whether a person consistently performs activities with either the left or right hand. What qualifies as consistent or inconsistent handedness varies between tests; usually the minimum value for handedness consistency is cut off at the median score on a handedness scale to create equal sample sizes (Oldfield, 1971) . This lack of a standard cutoff is a major weakness of past research because handedness has not been constant between studies. To create a larger sample of individuals who, in theory, would perform as a left-handed person might, individuals ranging from weakly right-handed to consistently left-handed have been categorized together into an inconsistently handed category (Parker & Dagnall, 2010; Propper, Christman, & Phaneuf, 2005) . However, this method is problematic because it clouds potential differences between those who are consistently left-handed (and thus not truly "inconsistent" participants as the grouping strategy implies) versus those with occasional tendencies toward left-handedness.
Thus, the scores of consistently left-handed participants on previous memory tasks have been either excluded from data analysis due to small sample size (Propper et al., 2005) or not examined separately from mixed-handed participants (Chu et al., 2012; Lyle et al., 2008; Parker & Dagnall, 2010) , resulting in a missing knowledge base regarding consistently left-handed individuals. Recently, Lyle and colleagues (2012) compared all four types of handedness, resulting in one of the first studies of handedness and memory to include consistently left-handed participants as a separate condition. Surprisingly, by creating this distinct category for consistently left-handed people, Lyle et al. achieved results dissimilar to past findings. Consistently left-handed individuals performed in congruence with the consistently right-handed individuals; they actually fared worse on the episodic memory test than the inconsistently handed participants of both directions.
The Present Study
It is clear that further research needs to be pursued regarding individuals who are consistently left-handed because performance results on both episodic and semantic memory tasks for this subset of individuals is still ambiguous. Only one study's research has investigated performance with regard to the consistently left-handed trait and its relationship to enhanced episodic memory (Lyle et al., 2012) , and little inquiry has been carried out examining the relationship between left-handedness and semantic memory task performance. The purpose of the present study was to fill this gap in the literature regarding semantic memory ability among left-handed people, as well as replicate the episodic memory (associative recognition) portion of the experiment performed by Lyle et al. (2012) . Associative memory encoding, the process by which people are able to recognize and discriminate whether they have seen certain word pairs presented previously or not, has been identified as superior among inconsistently handed participants, which is why it has been used in relation to handedness testing (Lyle et al., 2008) . Additionally, performance of consistently versus inconsistently handed people and left-versus right-handed people on a semantic memory paradigm was examined in the present study. Previous research has indicated that consistently right-handed participants perform more highly on semantic tests of memory than episodic tests, but it is still ambiguous whether consistent left-handed participants would follow the pattern of the Lyle et al. (2012) experiment and perform similarly to consistently right-handed participants on a different type of declarative memory task. Therefore, based on the present theoretical framework, we predicted that (a) in a test of associative recognition, inconsistently handed individuals would perform better than consistently handed individuals of both directions (right-or left-handed), (b) consistently handed individuals of both directions would perform better on a semantic memory task than inconsistently handed individuals, and (c) right-handed participants would perform better than left-handed participants on a semantic memory task.
The first two hypotheses were based on the findings of Lyle et al. (2012) , which supported the premise that people who are inconsistently handed perform better on tests of episodic memory than those who are consistently right-handed (Lyle et al., 2008) , and were consistent with the finding that individuals who are consistently left-handed perform similarly to those who are consistently right-handed on episodic memory tasks (Lyle et al., 2012) . We expected consistently handed participants to perform better than inconsistently handed participants with regard to semantic memory because semantic memory processing requires less interhemispheric interaction as it only occurs in the left prefrontal cortex. We expected that inconsistently handed participants would not perform as well on tasks where less interaction between the hemispheres is needed, and thus consistently handed participants would prevail in semantic recall. Additionally, because the left hemisphere is so active during semantic memory processing, based on cerebral lateralization theory, we expected that right-handed people in particular would perform better on semantic memory tasks than left-handed individuals.
Method
Participants A priori power analyses indicated that, to achieve 80% power, 128 participants would be ideal. Given the time constraints of only one academic semester for data collection, our final sample consisted of 12 consistently left-handed people, 13 inconsistently left-handed people, 41 inconsistently right-handed people, and 40 consistently right-handed people, resulting in a total of 106 participants (64 women, 42 men, M age = 19.04, SD age = 1.59). Of these participants, 56.6% of individuals were European American, 23.6% identified as Asian, 12.3% were of Latino/Hispanic descent, 2.8% of individuals were African American, and 4.7% identified as other. Three participants (two consistently righthanded, one inconsistently right-handed) did not complete the semantic memory portion of the study. All participants were undergraduate students who received credit in an introductory psychology course for participating.
Materials

Edinburgh Handedness Inventory (EHI).
The EHI (Oldfield, 1971) consisted of a list of 10 everyday tasks in response to which participants indicated which hand they utilized for each task on a 5-point Likert-type scale of 1 (always left) to 5 (always right; Lyle et al., 2008) . The EHI is a standard self-report measure used in nearly all published handedness studies. Responses can indicate both direction and consistency of handedness, and help to distinguish inconsistently handed participants from consistently left-or right-handed participants. Scores ranged from -100 to +100 in 5-point intervals. A score of +80 to +100 implied consistently righthandedness, +75 to 0 and 0 to -75 categorized the inconsistently right-and inconsistently left-handed individuals, respectively, and -80 to -100 included consistently left-handed participants. These handedness score cutoffs reflect those used by Lyle et al. (2012) .
Associative recognition task. The associative recognition test was based on the procedure performed by Lyle et al. (2012) and Parker, Relph, and Dagnall (2008) . Words were selected from Kucera and Francis (1967) , with mean word frequency around 69 per million. Two 100-word pair study lists were used, along with three test lists corresponding to each study list (6 total) composed of 60 word pairs each. The test lists contained both 30 intact pairs (the same pairs that appeared on the study list) and 30 rearranged pairs (different pairings of words as compared to those on the study list).
All words used were three to four letters in length (e.g., mess-aim), and items in a word pair were unrelated to each other. The first and last five word pairs of each list were buffers added to avoid priming and recency effects. If a word pair was rearranged, the word that remained present stayed constant in its left or right position, and the removed word did not appear elsewhere on the test. For example, the study word pairs lip-team and key-role were rearranged to form the rearranged test pair lip-role, and neither team nor key appeared elsewhere on the test list. Participants viewed one of the two study lists followed by one of the three corresponding test lists where they indicated which word pairs on the test list were intact or rearranged as compared to the original study list. Possible scores ranged from 0 to 60.
Semantic memory recall. Participants were given 5 min to name as many countries as they could. They received a point for each correctly listed country, with possible scores ranging from 0 to 196 (the total number of countries recognized in the world today). This procedure is quite similar to a typical verbal fluency task such as the Controlled Oral Word Association Test (COWAT; Benton, Hamsher, & Sivan, 1983) . In a verbal fluency task, participants are asked to produce as many words as possible, either beginning with the same letter or belonging to a semantically related category (e.g., animals) within a specific amount of time. Interrater reliability for COWAT total word score was .84, and the total number of words produced was significantly correlated with a memory subtest from the Wechsler Adult Intelligence Scale III known as the Letter-Number Sequencing task (r = 0.32, p < .05; Ross et al., 2007) . This implies that both reliability and convergent validity were high for the COWAT, which should carry over to the present semantic memory task.
Procedure
All procedures were approved by the institutional review board of the affiliated university and were conducted via computer, using E-Prime software in a controlled laboratory setting over a 20-min time period without breaks. Participants were tested alone or with one or two other participants. After signing an informed consent document, participants completed a demographic questionnaire and the EHI. Once finished, they read instructions presented on the screen regarding the associative and semantic recognition tasks. In the associative recognition task, participants saw either Study List A or Study List B, each of which consisted of 100 word pairs that appeared on the screen for 3 s, with a 1-s interstimulus interval. The list provided to each participant alternated (e.g., Participant 1 received Study List A, Test 1; Participant 2 received Study List B, Test 1; Participant 3 received Study List A, Test 2, etc., for a total of six possible test combinations). Next, a screen appeared, informing participants that they would now see another series of word pairs, and they should indicate if the word pairs in the new series were intact or rearranged. The recognition task was self-paced. In the semantic memory task, participants had 5 min to recall and type the names of as many countries as they could remember. The two memory tasks were counterbalanced across participants.
Results
According to the Shapiro-Wilk Test, the data was normally distributed (p > .05), and Levene's test demonstrated an equality of variance between each of the groups (p > .05). Thus, all data met the assumptions for conducting t tests. Assumptions for normality and variance equality were met for a one-way Analysis of Variance (ANOVA) as well.
A comparison of left-and right-handed individuals, through an independent-samples t test, revealed that those who were left-handed (M = 41.96, SD = 10.75) recalled significantly more countries on the semantic memory task than those who were right-handed (M = 35.55, SD = 12.79), t(101) = 2.26, p = .026, d = 0.54 (see Figure 1) . However, left-handed (M = 40.44, SD = 7.09) and right-handed (M = 38.86, SD = 6.11) participants did not score differently on the episodic memory task, t(104) = 1.09, p = .28 (see Figure 1) .
In comparing handedness consistency, consistently handed individuals (M = 37.70, SD = 11.21) did not perform differently than inconsistently handed individuals (M = 36.55, SD = 13.83) on the semantic memory task, t(101) = 0.47, p = .64 (see Figure 2) . Those who were consistently handed (M = 39.42, SD = 7.32) also did not perform differently on the associative recognition memory task than those who were inconsistently handed (M = 39.06, SD = 5.33), t(104) = 0.29, p = .77 (see Figure 2) .
Differences between consistently handed individuals and mixed-handed individuals were examined based on previous findings (Chu et al., 2012; Lyle et al., 2008; Parker & Dagnall, 2010) . Mixed handed individuals include both inconsistently left-handed and inconsistently right-handed individuals. No significant differences were found between the broad groups. Also, similarly to Lyle et al. (2012) , handedness was split into four groups (consistently left, inconsistently left, inconsistently right, and consistently right) and a one-way ANOVA was conducted to see if performance differences on the two memory tasks differed (see Table 1 for Ms and SDs) between any of the groups. Again, no significant differences were found.
To determine if our nonsignificant results were due to a lack of statistical power, post hoc power analyses were performed. For our comparison of individuals who were left-or right-handed on semantic memory performance, we obtained 64% power. Although not at the desired threshold of 80% power (which implies a 20% chance of a type Note. Mean episodic and semantic memory score differences with regard to handedness direction. Significant differences were found between left-and right-handed individuals (p = .026) on the semantic memory task.
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McDowell, Trammell, and Krumrei-Mancuso | Handedness and Declarative Memory II error), this is still reasonably high for such an uneven distribution of cell sizes. For the other three primary analyses between left-and righthanded individuals (episodic) and consistently and inconsistently handed individuals (semantic and episodic), power was 17%, 7.4%, and 5.9%, respectively. Ultimately, it is evident that we did not have enough power to detect differences for the majority of our analyses.
Discussion
Left-handed participants performed significantly better than right-handed participants on the semantic memory task (p = .026). This finding is interesting; it was the opposite of our prediction, which was based on knowledge of the role of the left prefrontal cortex in semantic memory processing (Tulving et al., 1994) . Semantic memories are only processed in the left prefrontal cortex, and it was hypothesized that, because the left hemisphere was active, based on cerebral lateralization, right-handed individuals would perform better on semantic tasks. Because high performance on the semantic memory tasks was not necessarily lateralized with the direction of handedness, it may be possible that lateralization of memory and motor activations are independent of one another. Consistently and inconsistently handed individuals did not differ significantly for either the episodic or semantic memory tasks. It is also interesting to note that comparing memory scores between the mixed-handed and consistently right-handed people, as well as between each of the four consistency subsamples (consistently left, inconsistently left, inconsistently right, and consistently right) yielded no significant differences. The fact that significance was not found between these groups in the present study was most likely due to a lack of power related to small left-handed sample size (n = 25). By comparison, Lyle et al. (2012) also had unequal cell sizes, but their smallest cell consisted of 24 participants, which is twice the size of our smallest cell (n = 12), and their total sample size was 120 participants. The differences in our sample size compared to that of Lyle et al. (2012) is likely a main reason why we were unable to replicate their findings. Because semantic memory is remembrance of general knowledge and facts, it is hard to test; there is no standard measure of semantic memory that has been used among past handedness and memory studies. Thus, one of the primary concerns of the present study was creating a measure that could correctly capture differences in semantic performance. Recall of country names was chosen to test semantic memory because they are frequently learned in school and because both domestic and international students would be able to complete the task without cultural bias. It may be pertinent to add different versions of the COWAT such as different semantic categories (e.g., animals, fruit) to create a more robust semantic memory test battery. Because semantic performance was deemed significantly different between left-and right-handed individuals, country recall seems to be an unbiased and accurate way to measure a person's semantic memory.
Another possible issue to consider is the fact that the EHI was not counterbalanced with the two memory tasks. That is, all participants received the EHI first, followed by a counterbalanced ordering of the semantic and episodic memory tasks. Because all participants filled out a handedness inventory first, this could have introduced a feeling of stereotype threat, and might have caused individuals to perform more poorly due to added pressure or stress. However, the EHI is typically considered a demographic questionnaire, and thus is normally administered before any experimental paradigms. Filling out the EHI before completing memory tasks should have a negligible effect on memory performance, just as identifying ethnicity should not affect the experimental outcome.
The results of the present study have several practical implications for understanding memory and how a person's learning abilities may be affected. Our results showed that the hemisphere in which either semantic or episodic processing Note. Mean episodic and semantic memory score differences with regard to handedness consistency. No significant differences were found between consistently and inconsistently handed individuals.
is stronger, and the hemisphere that coordinates dominant hand movements, do not necessarily correlate as shown through significant findings in semantic memory of left-handed individuals and lack of significant findings among inconsistently handed individuals in episodic memory. Thus, handedness may not correlate with specific memory abilities. Our findings also demonstrated that our semantic memory task seemed to be useful in determining memory differences, although further studies will need to be conducted using this task to verify its reliability. With new and conflicting data emerging in this field, there is still much to investigate and understand with regard to the relationship of handedness and memory.
Future research in this field should consider utilizing fMRI technology in combination with behavioral (in this case, handedness) testing to visualize and measure activations within and interactions between brain hemispheres during the various memory tasks. It is also important to try and ensure equal numbers of participants in each handedness group. Doing so would eliminate the potential concern that any nonsignificance found between groups is due to a lack of power. However, achieving an equal left-handed sample size has been a struggle faced by many past studies as well, hence several past studies have divided their sample into consistently right-handed individuals and an inconsistent group, made up of consistently left, inconsistently left, and inconsistently right individuals (Lyle et al., 2008; Parker & Dagnall, 2010; Propper et al., 2005) . Although these two groups were generally equal, the number of total left-handed individuals has not been stated, due to the fact that they constituted a small portion of the inconsistent group.
Additionally, in the present experiment and many of its predecessors, only one memory task was used to quantify episodic or semantic memory. It may be pertinent to administer a battery of tests that examine these facets of long-term memory so that there are several indicators that all factor into a composite episodic or semantic memory score. Using a single task to quantify the entirety of a person's memory may not fully represent individual abilities and strengths within each component of declarative memory.
It would also be worthwhile to examine in future research if memory and handedness differences correlate with kinesthetic learning. For example, memory performance after writing with the dominant versus nondominant hand may perhaps differ. This could suggest a link between the behavioral acts of using that hand and certain forms of memory retention (if one type of declarative memory is remembered better than another type), and could provide another clue as to if a biological link exists between memory performance and handedness.
Ultimately, knowing the relationship between handedness direction and memory performance could be beneficial for both education and employment purposes; administrators could use individuals' handedness scores in order to place them in classrooms or jobs that are suited to the style of learning by which they perform best. However, handedness should not become a measure of superiority or a cause for segregation within the classroom or work place. It is still unclear whether handedness can predict memory ability at this time, but with technology and the understanding of the brain always advancing, the answer is likely not too far away. 
